W hen time to an event (eg, how long until an event occurs?) is the main outcome of interest in a trial, the relevant data are often called survival data. The survival time for each participant is the interval from a predetermined start point, such as entry into the study, until the occurrence of the event of interest (eg, lingual retainer failure). Participants can have the same survival time, but they may have been enrolled at different calendar times. Survival analysis can be applied to various situations such as time to death from any cause after treatment for cancer, time to finish an orthodontic treatment, time to achieve initial orthodontic alignment, time to bracket failures, time to eruption of impacted canines, and so on. Survival analysis is suitable when the risk of an event varies with time: ie, lingual retainer or bracket failures may be higher early in posttreatment rather than later.
Why use survival analysis?
Recruitment at different dates, but the study end is the same for all patients Patients may be lost to follow-up, but they still contribute information for the time before they were lost Risk of an event varies with time Patients might experience the event from other causes (competing risk)
RATES
As previously discussed, the rate quantifies the number of new events per person per unit of time (persontime) 1 : rate 5 number of ðnewÞ events total person-years of observation It is interpreted as the probability that a participant will experience the event during a specified period of time. 2 Usually, it applies to nonrecurrent events or to the first episode of an event. The rate indicates the average rate (or speed) at which a participant experiences the event in a given population at risk. The rate has units such as the number of events per person-time; it can be measured in months, years, and so on, and persons can be counted per 100 or 1000. In other words, for every 5 persons followed over a 1-year period, we are expecting 2 retainer failures.
Similarly, if we follow 100 patients with fixed lingual retainers for 5 years, and 40 patients experience the event (any type of first-time failure) in that period, we can say that the proportion of broken retainers (risk of retainer failure) for this cohort is 40/100 5 0.4 (proportion).
If our interest is in events over particular time periods (rates), we need to know the times of the retainer failure so that we can calculate the follow-up time from the beginning until the occurrence of the event. The rate for the previous example would be: The rate relates the number of events to the total observation period, whereas risk shows the number of events to the total number of participants at risk at the beginning of the observation period. As the observation period increases, the risk increases also, since more events accumulate. On the contrary, the rate can be steady. Rates are important when we follow participants who enter a study at different times.
Let's see a more complex scenario where patients enter the study at different times, and they are followed until the outcome occurs.
To calculate the rate, we need the number of events until the end of the study and the sum of the time each person contributed in the study contributed.
EXAMPLE
We will use again the wire type and the alignment we presented in the logistic regression articles. 3, 4 However, here we will use a variable indicating the days to reach alignment. First, we must declare our data as survival data. Table I illustrates the details of this declaration. We can see that 42 participants of the total of 61 have reached alignment (indicated as failures). The total follow-up time was 7685 days; the first patient entered the study at time 0, and the last patient exited the study after 195 days. Table II presents how many days each of the first 15 patients contributed to the total follow-up time and whether they experienced the event (0, no alignment; 1, alignment). For example, we can see that patient 13 was the last one to exit the study without reaching the event (outcome 5 0).
Tables III and IV provide information for wires A and B on the number of patients, means, medians, and ranges for the first and final entries, total follow-up times, and number of failures (ie, number of patients who reached alignment). In survival analysis, we use the median because time-to-event data are usually not normally distributed; therefore, the mean is less meaningful. On the contrary, the median informs us at what timepoint half of the events have occurred.
In Table V , we can see that the total time contributed by all patients was 7865 days. The rate is 0.00546 per day, and it is calculated as the number of events/total time: 42/7685 5 0.00546.
The duration of this study was only 14 months (420 days), because not all patients were recruited at once. However, each patient was followed for a maximum of 195 days or less. If we had used risk or proportions, we would have said that 42/61 5 0.67, or 67% reached alignment. However, this does not tell us how many patients experienced the event (alignment) per unit of time.
We can calculate the follow-up time by subtracting the entry date from the so-called "exit date." The exit date can be the end of the study or the last time the participant was observed. If a participant who had entered the trial was followed for a certain period and then he was lost without reaching alignment, he is considered as "censored," and only his follow-up time (the interval from the time he entered the study until he was last seen) contributes to the analysis. Patients who do not experience the event by the end of the study are also considered censored. For censored participants, the actual survival time is unknown. In medical literature, a patient is considered censored as well if he experiences the event of interest (ie, death) from a disease other than the one under study (eg, if he dies from cancer while we are studying deaths from cardiovascular diseases). When a participant experiences the event, he is considered censored at that point, but this is called a "failure." He contributes person-years until the time of failure (Fig) . In the next article, we will present how to analyze time-to-event (survival) data.
